Ϫ
). The second variety, which has only been found in the environment, is arabinose positive (Ara ϩ ). Smith et al. (10) reported that Ara ϩ B. pseudomallei is avirulent in mice, which has led to the suggestion that a new species designation, Burkholderia thailandensis, should be used to identify those strains differing from melioidosis-causing so-called "true" B. pseudomallei (2) . In a previous study, we found that flagellin gene variation occurs between the two biotypes (13). Dharakul et al. ( 3) used a multiplex PCR approach based on 16S rRNA genes to discriminate between the two biotypes but reported that the sequence differences were insufficient to merit classification into a new species. Whatever the merits of subdivision into two species, the specific factors determining the greater virulence of the B. pseudomallei Ara Ϫ biotype remain to be resolved.
The current state of knowledge regarding the pathogenicity of B. pseudomallei was the subject of a recent review by Woods et al. (15) . Although some potential virulence factors, including a number of secreted products, such as protease, haemolysin, lipase, and lecithinase, have been identified (1, 9) , much remains to be learned about B. pseudomallei pathogenicity. In a number of gram-negative bacteria, type III secretion (TTS) system pathogenicity islands, involved in delivering virulence factors directly to host cells, have been shown to play crucial roles in pathogenicity (5, 7) . By using TTS genes from the plant pathogen Ralstonia solanacearum (11) as a probe, we recently identified, in B. pseudomallei, a cluster of putative genes homologous to those encoding HpaP, HrcQ (HrpQ), HrcR (HrpT), HrcS (HrpU), and HrpV of the R. solanacearum TTS system (14) . Under the unified nomenclature proposed by Hueck (5) , three of the B. pseudomallei predicted proteins have been designated SctQ (HrcQ homolog), SctR (HrcR homolog), and SctS (HrcS homolog). Because they lack homologs in the majority of TTS systems reported to date, the HpaP and HrpV homologs are not included in the unified nomenclature. This study reports a link between the presence of putative TTS system genes and the Ara Ϫ phenotype, the more virulent biotype of B. pseudomallei.
B. pseudomallei and other strains used in this study are listed in Table 1 . B. pseudomallei strains were maintained on blood agar. Other strains were maintained on nutrient agar. Genomic DNA was extracted from B. pseudomallei following growth on blood agar medium. Using a sterile inoculating loop, a thick bacterial suspension was made in 0.5 ml of a solution containing lysozyme (1.5 mg ml
Ϫ1
), sucrose (100 mg ml
), and heattreated RNase A (0.5 mg ml Ϫ1 ) and left at room temperature for 20 min. After the addition of 0.5 ml of TES buffer (10 mM Tris, 1 mM EDTA, 0.05 M NaCl [pH 8.0]) and 0.25 ml of sodium lauroyl sarcosine (24 mg ml Ϫ1 in TES buffer), the mixture was vortexed for 3 min. The preparation was then subjected to CsCl-ethidium bromide centrifugation and DNA band extraction by established procedures. Genomic DNA was extracted from other bacterial strains by a similar procedure, with the exception that the initial suspension was made following the harvesting of 3 ml of overnight nutrient broth culture.
Oligonucleotide primers (forward primer BPTTSF [5Ј-CTT CAATCTGCTCTTTCCGTT-3Ј] and reverse primer BPTTSR [5Ј-CAGGACGGTTTCGGACGAA-3Ј]) obtained from Genosys for PCR amplification were designed to amplify a 548-bp region of the B. pseudomallei TTS gene cluster (GenBank AF074878, positions 3934 to 4481), encompassing part of open reading frame 2 (ORF2) and the putative gene downstream of ORF2 (homologous to R. solanacearum hrpV and hrpW, respectively [14] ). Genomic DNA (2.5 l) was used directly in 25-l volumes containing 2 U of Dynazyme (Flowgen Instruments Ltd., Sittingbourne, Kent, United Kingdom), 200 nM concentrations of each primer (BS7 and BS8), 1ϫ Dynazyme buffer, and 100 M concentrations of nucleotides dATP, dCTP, dGTP, and dTTP. Amplifications were carried out in an OmniGene thermal cycler (Hybaid Ltd., Ashford, Middlesex, United Kingdom) for 30 cycles consisting of 95°C (1 min), 60°C (1 min), and 72°C (2 min), with an additional extension time at 72°C (10 min) following completion of the 30 cycles. At the end of the amplification, 5-l samples were subjected to electrophoresis on a standard 1.0% (wt/vol) agarose gel to confirm the presence of an amplified product.
In order to carry out dot blot hybridization of genomic DNA, a total volume of 5 l of genomic DNA (approximately 0.25 g) was subjected to vortexing for 2 min prior to the addition of 0.5 l of 1 M NaOH. Denatured DNA was dotted directly onto a dry Hybond-N membrane (Amersham Pharmacia Biotech). The membrane was washed briefly in 4ϫ SSC (20ϫ SSC is 3 M NaCl plus 0.3 M trisodium citrate [pH 7.0]) followed by 0.5ϫ SSC, allowed to dry, baked for 2 h at 80°C, and used directly in a hybridization experiment. The 548-bp amplified product was labeled with digoxigenin-11-2Ј-dUTP (DIG) (Boehringer Mannheim) by PCR amplification with DNA from a cosmid clone containing the putative TTS system genes of B. pseudomallei (14) as a template. The reaction conditions were as described earlier, with the exception that 60 M DIG was included. After overnight hybridization at 68°C, blots were washed at 68°C successively in 6ϫ SSC, 0.1% sodium dodecyl sulfate (SDS) (twice for 15 min), 2ϫ SSC, 0.1% SDS (twice for 15 min), 0.2ϫ SSC, 0.1% SDS (twice for 15 min), and 0.1ϫ SSC-0.1% SDS (twice for 5 min). The presence of DIG on dot blots was detected by using anti-DIG-alkaline phosphatase Fab fragments and the chemiluminescent substrate CDP-Star (Boehringer Mannheim) in the procedure recommended by the supplier. DNA from a cosmid clone containing the putative TTS system genes of B. pseudomallei (14) was included on the filter as a strong positive control.
PCR amplification of TTS-associated DNA suggested a link between the presence of TTS genes and the Ara Ϫ phenotype (Fig. 1) . This link was further confirmed by dot blot hybridization, which indicated that while B. pseudomallei Ara Ϫ strains all hybridized with the TTS probe, B. pseudomallei Ara ϩ strains did not (Fig. 2) . The exception to this rule was the Ara ϩ strain E27, which proved positive for TTS genes by both PCR and hybridization ( Fig. 1 and 2 ). There was no hybridization with DNA from any of the other representatives of the ␤-subdivision proteobacteria, including R. solanacearum, which is known to contain a TTS system. This is probably due to the low levels of homology between R. solanacearum hrpV and hrpW and their equivalent B. pseudomallei genes. It has been observed in a number of bacteria that while many of the genes in individual TTS systems encode proteins with homologs in other TTS systems, a particular system may contain genes not widely observed in other TTS systems and even unique to itself. In addition, the extent of homology between equivalent genes varies (5). Thus, our observations do not preclude the possibility that TTS systems exist in Burkholderia cepacia. A TTS system has already been reported in Bordetella bronchiseptica (16) . Our choice of probe in this study was intended to target regions likely to have less homology with other TTS systems in order to circumvent any difficulties due to the fact that many of the best-conserved TTS system proteins have equivalent homologs in the flagellar apparatus.
PCR screening using oligonucleotide primers BPTTSF and BPTTSR provides a rapid means of identifying B. pseudomallei strains containing TTS genes. The link between an Ara Ϫ phe- a Strain designations used in a previous publication (13) are shown in parentheses. b ϩ, Ara ϩ (i.e., has the ability to assimilate arabinose); Ϫ, Ara Ϫ (i.e., lacks the ability to assimilate arabinose); NA, not applicable. c Data indicate the presence (ϩ) or absence (Ϫ) of amplified product ( Fig. 1) as identified by PCR analysis with oligonucleotide primers BPTTSF and BPTTSR. NT, not tested.
d Data indicate hybridization (ϩ) or no hybridization (Ϫ) with the TTS probe (Fig. 2) .
notype and the presence of TTS genes suggests that TTS may play a role in the greater virulence associated with Ara Ϫ B. pseudomallei strains. However, one Ara ϩ strain, E27, proved to be an exception. This strain can be distinguished from Ara Ϫ isolates by its ability to assimilate arabinose and by virtue of a different flagellin gene sequence (13) . When analyzed using the multiplex PCR procedure of Dharakul et al. (3) , E27 yields the single amplicon indicative of an Ara ϩ phenotype (our unpublished observation). It is possible that E27 is more virulent than is generally the case for an Ara ϩ strain. Alternatively, the strain may not contain a complete and functional TTS system gene cluster. Only when the TTS system of B. pseudomallei is fully characterized and the secreted proteins have been identified will it be possible to resolve the apparent anomaly of TTS-associated DNA in E27. The presence of TTS genes in all of the Ara Ϫ isolates tested does suggest a link between these genes and virulence in B. pseudomallei, but much work remains to be done before the contribution of TTS to the pathogenesis of this organism is understood. 
